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2 K&fiBttJl 1 0 #7 U -GBttJl 7 ©-»±CB 
T7'J-8ttl7±l:iiSft. X«^/H7^S# 




1 

tic wi2$m&mmm, m2mfem&mRzfm2%.& 

miEttJf J^mSE© h^y^i|S^ri^M#Jlcfi:SLTmlpS7 
*na-**©Eii«fl:A-f 7 x )i ±(c«h s nrmmmm 

iWEfll. JB2H)t-«tt»©«ft^l6)*». iwEffll. SB 
nsiifel:. ffiE7U-«tt»©«fl;:fr6ia*ffiER» 

fcttPtX' Mn^# (fct'LXBPt, Pd, Ir. 
Rh, Ru, OsC0^:^©Vi-rn^iacD7t^-e&0. 
X* teP d. Cr, Ru, Ni, Ir, Rh, Os, A 
u. Ag, Ne. Ar, Xe, Kr©{cMHfn*l 

fete, RffrtU 2 nmKTT*4it*»itt5»* 

[i*S3] fltria^2K3fimi4S©IK^^, 8 nm 

S tlT±#a«7 x 'J G8tt#c$* £ $ £ £ £ 

[»**B5] Mien. m2H^ttii(i^n-?-* 
n. 2o®Mttt:> Kit, ine.©isttb:>Ki 

rft*>-*oiS«tt e > f Ho«j?*««i*oai««: v. > 

r-*Ji©W*«fc9S<BM*3ft. *»«tthT>K»©«ft 
F Jf © ? ^ iWE 7 'J Jl © ifi < iCftfi-T 3 tf • 

f±e> Hjio«{b*i6ii:**ra— tsn-c^* zt&wm. 
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±izmm-£nrzm3fc&ffi&mi,z£ o^/ssn. ism 3 

R&^ftH/O*. XMn^lSfcttPtX' Mnfii (Ac 
fcL. X\tP t, Pd. Ir, Rh. Ru. OsW 
©l^-ftlfr 1S©7C^T*0, X' tePd. Cr. R 
u. Ni, Ir, Rh, Os, Au. Ag. Ne, A 
r, Xe. K r OS^0V>fn* 1 S£U:©7tiiiT& 

3 E 3£S!tt B t iNEttBtt S t © W TfSIB L & 32 

#isja*stt. sn* c i 1 13.^ bit* 

[W3K^8] 7U-fi8tt^©±ffilCi£bg|5^l8tte>n 
•5 £ £ fclcWE«S55ttSBP^Kfl85-ht'ieg'$n, iWE 

E7 U -«14Jitc«?UTVi* :i *«r«fT*«!*9J 7 
tEfi©XtfWN*;U7^»^fi8^i* J F. 
20 [a»*^9] fS*3Sl75:^blt*JS8©^-rtl*>(c 

F„ 

F„ 

1] &m±iz, »l III 

m2H^i4jis^m2s^ttJi*ie^a 

ic^-r -5 mmm £ m m mm &&tsm®m t & 
mm l Tfr-s t £ =b tc ME^ss t MEPfflj® ©rat? 

S>-dTISSSB© h 7 * 7ffl#fiMflJtC-2#©9J&gBa* 
WEStS (c » L, T A * 0 1 © * 16] j9» & x v J- > ^tt^p * 

mm.mm\zmM\.-c. mcu 7 F4-7L-77 f©^jx 

e. *2HS«ttH2fctXJIS2#«ttJ»*Jl*Xyf : ->^' 

&m&mmm\z&K)yv-m&m±izmmmmwzMtfL 

#ElESffi{Cjt*LTfta0 2 (tctzVd2>B l) ©^(^]^ 

^fflSio b5v>7imJ5$mm\z, -jE#osai«ttA-r 

WES«tr*f b T^S 0 1 6 ^©X /N" y 7 tt^ 
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f 2IMttI$XMn^SfeBP t X' Mn^ 

(fztzL. XliPt, Pd, I r, Rh, Ru, O s CD 
tjifrC)\,->-?tlfr \m<D5x:M~x?dbK) . X' BPd, Cr, 
Ru, N i , Ir. Rh, O s , Au, Ag. Ne, A 
r, Xe, K r cD&;5>CD^t*nfr 1 gR±©7G?SlT& 
3) ODV^ti^J: O^fiSc-r-Sitfetc. Hf*12nm 
WT£T-5rt£#®iT3!il*3tl 1 dsBtcCDX tf > 

A)i7wmmm^mT<»mmjj&. io 

[|f*^14] SflfBA-l'TXJl^fSIIitC&^T. 

>am 1 3 cd ^-rn*Mcte«£ cox e >A'^y^«M^m^ 

[1*115] itftfBWSteffi^IglCfcUT. S2 

ssnsmji. m2@^Btt)i&^2#^ttigm)itc»p 
a x 7 u -mm m co -gc ?r x v > ^-r 3 ^ t <t <o , 
mib? u -5si4)icD±[B(CHa?e«ji^tugi5icST-g>dia5 
4 « fi£ u o ~z> m m & mm u . 

*S ^ I*] M « ! Z m SB f± H £ « H 3 d £ £ # M t T 3 
af*^l l&<^l>tt*Sl 4cDV^-rti^tc|B«?©X t°> 

[i*516] fijSBfBJl^figlglC&^T, Xy 

^>^co^tcMSBfiii^^?>tip#m$nfcx/N o -y^sKT ^ 
/i^bit^n 5co^-rn^iciB«coxe>A*juy^^ 

[0 0 0 1 ] 

ixtcx tf >A*;i/yiaaBi^^?-©giit^-?£tcg|-r & t> 

CDT&9. Exchange Bias^SSrficffl LtraJ ^ 

)iM(ox \± >^jifmmmmn.mT-iSLZ^t<Dmmy5miz 

[0 0 0 2] 

[«E*cD&ffi] xt>A;^iiliatfit E*» 

^,jSta5cftH5:^t"GMR (Gianl Magnetoresistive) % 
TO-mT&K). A- Hf-< Xi7^£t*cof3^<«^75^fB 
&^#S^tB-r^ : bco-e^'5. L-^fe^cDXfcf>A-jU^ 
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[0003] huh, w^cdx¥> nii-jsmwmm. 
m^<D-m^. mmmfctvftfam (absb) 
M.tzm'&vffim&TF-rmwm-ts&Zo mi nc^-rxt: 

9. EI^Y^[6]«mafB^1**^coana^co^lS]T 
$.0. 0^Xi^(6]«Xtf>A*^^«^m^^TCO h- 

7^i7*a*[^-efe-5. ^tzz<D7,\zy/-ovymmmm^ 
m?iz. mmmmmfr & -a -**cd a-y t x s*^ e. cd 

jp-r-5 z. t iz£ k> y u -M#.HcD&Ht;#ft£ h77?(S 

^(6]l'fl3A-2)t^i$^Abultedf5^^HardBias^^c0X 
t°>A;u:/S^ilfi8»*i^T;&3. 

[0004] mi nzmt^M<^xif>^)Vfmmmm. 

Mif 3 0 1«, Mm3 0 2±tC, T a&<h"^£>&-5T 

Jtji 3 o 3 , g§ i Kmrnrnm 304. mi 3 

0 5. C u 1 3 0 6, 7U 

-S&tfJI 3 0 7. CuS Et^ti^W, 2 3 

0 8 . fg 2 mfemum 309, m 2 k%-m&m 3 1 or 
zst aUEfr£>t3.ii%mm3 1 l^m^mm^nxfs.^ 
mmi*3 nt, z.commtt-3 1 2<Dm^x\yjmmm 
izMt&znrzcoP t ^^#^e.^^-*fcoA*-f 7x1 

3 3 2. 3 3 2 t, CC0/t<TXli3 3 2. 3 3 2±tC 
fSI$tXfeCu#A^^5-*t©U-HI3 3 4, 3 3 

4 <t£±{££LT#t)££*lT^-g>o &*3il 1 fc*f J: 

«ei*3 1 2 CO±®CO0^Xl^|6]CO"licO^-ffitC 

[0 0 0 5] Ili«I3 0 5fi. Bl3iMttt°> 
KI3 0 5 ai, » 1 #SS14*P^I1 3 0 5 b <h. ®2 3i 
mttt>K!13 0 5 c t^fS)l$nT^B£SnT^?>„ 
^23t^ttt'> F/13 0 5 cCDflgJiUa, ^1^14t:> 
F«3 0 5 a<Dmm£<0±t2?lT^Z>. mi^ttt 
> KB 3 0 5 a C0^{k^[P]tt. m 1 K!i^f±)i 3 0 4 <t 

2 3£gSt4t;> KH3 0 5 c IS. ^l^tttf>H)13 0 

5 a iS3fi^f±«Jlw*£-a-LT^-©fi8{t;^(6]^EI*Y*|^ 
CD \Z m ^ $ tlT H ^ = 

[0 0 0 6] CCDct^lClgl . ^2?imttb°>FS3 0 
5 a. 3 0 5 c CDfiS^foJ^SVMCR^ff tStlTl^ 

^5M«IC»S**. *2»«ttt:>h*»3 0 5 ctfWil 
K13 0 5 aiO bm<Ml&2nT^Z><D 

t. m2^tttr>FS3 o 5 c<DM<t mm^-^> 
h) cntci.omi mfem&m3 o 5 

[0 0 0 7 ] flf 2 a^ffi^JH 3 0 9(1 85.3 3£ffig 

tte>H13 0 9 at, ^2^14* ^13 0 9 b 
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»4»«tttf>KiB 3 0 9 c tmAm^nxm^nx 

H*. *3 3i««:h;> KS 3 0 9 a(D§IJ¥te, i4^I 
ttfc?>KJ13 0 9 cCDIRJPilJ/htanT^*. 

I 0 t0)Sflftfe'&«*^«toTBISY*lRl^H3esn, 
Sfc*35S«tttf>H» 3 0 9 att, »43S«ttt!>K 

II 3 0 9 c tJEafi«tt»^«^LT-€-0«ffc*[e]3a«BI* 

[0 0 0 8 ] C(7)J:5l:ili^Ittl3O50^i 
|*U£lC, iS3, »4B«ttK>KJI3 0 9 a, 3 0 9 c 70 

*4»«fl=lf">FJi3 0 9 c#*3 3S««:e 
>KI3 0 9 a ±0JS-<^nTV^©T, K4-3IB 
ttb!>Hi3 0 9 cCDSft «^-/>h) 
8e#L, tH'2B£SttJI3 0 9£&<DMikJ5fa&m^Y 

[0 0 0 9 ] dCBiStcSSl, » 2 H3£8BM4» 3 0 5 , 
3 0 9(c£>^Tte, S§l~!S54^'l4t e >FJf 3 0 5 
a, 3 0 5 c; 3 0 9 a\ 309c ^n^tlSSfiKtt 
WlCiB^U *>TP»2* *4Mtti;>Ki3 0 5 c l 20 

3 o 9 ccQafb^-en-enafiFLT*?)., aiw&7x 

USBttttll (synthetic ferri pinned; S^irr^ y £ 

[0 0 10] 7U-8ttI3 0 7 lt Co^OM 
1 ffi«fcKrlh/I 3 0 7 a<h, NiFe^fJ;0*^S 
14gfil3 0 7 bt, Co««fcD&**2ffi*8frltJi3 

(*±H 307a, 3 0 7 cH RSrT *SS 1 , SS 2 
tt«113 0'6, 3 0 8 £<2ffl5ffiffc£(ftlk-f £0 
7U-«tti3 0 Kbmfftm*. /H7X13 3 2, ^ 
3 3 2 ®W T TsMmz&^Tm^XlJjfalzmz. *>tl 
Tl/^o cntC^O, 7'J-lttI3 0 7 (DmfcJjfat 
as 1 , » 2 HftBttJI 3 0 5, 3 0 9 0>«ft;3f |«J 

[0 0 11] U-HS3 3 4, 3 3 4«Cu, C 

>x«a> *f*#"r*t>o)T, fae^3 1 20^x1 

M««l;filLT/H77l3 3 2 < 3 3 2_hlC«® 

[0 0 12] TflSJf 3 0 3 t/H7Xi3 3 2, ^ 

3 3 2 tORSlC, WSfeBC r*6ft-5;H7XT»l 
3 3 1, 3 3 1 it«ISn, /H7X13 3 2, 3 3 2 
£U~FH3 3 4, 334 t<Dm\Z\ZT a HZfzlZC rfr 
S&**WJ13 3 3, 3 3 3a*«J8SnT^5o 

[0013] z<Dxv>/v\s7Mwmm%L# z F3 o it 

te, U- HI 3 3 4, 3 3 4*6«i*3 12i:tttii* 
«»*«Y*|Rlt#A6n*i, 7'J-Btti3 0 7 

u — atttJB 3 o 7<Dmit^fi](D^mt, mi, i2i^ ^ 
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^11 3 0 5, 3 0 9(7>m>ffc^[pI<h<^M#T^aStafI 
*<«fbL (£n*«*atS (MR) , CCD 

[0 0 14] 

Ai^IiKSif 3 0 ltS, «ti«*h7y^* 

««t*^aE"TSo :7U-W±J13 0 7(7)0* 

Xl:&|SjWM©W««tt. A*-f 7X13 3 2, 3 3 2JC 

7 U— «ttJ13 0 7CDM5SgPT«^^A^TXfi8|f 

^<Bii^il<®Tt^o 7U-«tti3 

0 7C7)**^[j;, /H7XI3 3 2 , 3 2^e>Jt«W 

[0015] ±m<D£o\z, B*ME#ttTT**wts 

0 1 1 Kttft^NT^(BflB«€:*bT 

1 1 lCtt?J^ST^<Z)««£*LT^*p 01 lfC^-T 
J;5fc5Fj(5««N, Ntt, Wil#:3 1 2ODT®c^0*X 

i#ftM«Btti6^e* «H^3 1 20110^x15^ 

)E¥Wh7 7^*STwj;0^«<W, 
[0 0 16] fot, t£*<0Abutted»^S!HardBias;£ 

j£<D7.\£>/vv7mmmmfa t m?\z&\,*T\*, &»±<d 

l:±tJlta!««Sa)««BLTbtl>, Xlf>AJ^ 
IHWBISBia*^ h 5 * * L- & ^ t^5B 

[0 0 17] SS«iWtth7!y^«ftiE«K»!lW"r*»C 
t>*0£Exchange Bias;£5££$gfflT£ d tTftfttfS 
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mmm^MT^ ©Exchange Bias7j3£©jf /BteBifCife 
[0 0 18] *5£Bflli. ±BBO*ffilc^T^$nfefc 

[0 0 19] 

[a£H*8?ifc-f ££«>©#©] ±fE©BW£iifirf-5*: 
tot, ^^HJtJKTffi^fiJc^SfflLfc. *5€9!(DXtf> 

ttH. Sl^tt^*)iSc^7'J-mtt)l^ll^«S^ 

MGJRi. »2H««tt«©«ft;3&lRl3&«. meiRi. JB 

n« SMB? U -»l4Jl©«fls:frlSj#lffleE3* 

«tt/H77lCJ;t)(i(IEJBl. S2HSlttl©fti 

[0 0 2 0] ±BE©*f£^tC^SXt;>A*;U^S!»IRfiS 

^tcD^*£-&fiSlftc«t0ffl}A-5^fci$-5Exchange Bia 

PS Ofc^W F 7 y £*B) (C-gfe-r-ScDt?. fl£3lS©Abutle 
dt«-&£!HardBias7j5S© «fc -5 tcH^Wft h ? vZWfiJt 
f65h7 y ?4>I<fc K>m< ft -5 £ tfrtt < . S£«fS**ffi; 

[0021] **woxt:>A;i/^S!»iBi«ft* 

T, tfttB£2£!ftttttS£f. XMn^SfcHPtX' 
M n (fcfc'LXUP t, Pd, Ir, Rh, R u . 

o s <Dt3.frm*-mfr ia©7c^T*o, x' apd, 

Cr, Ru, Ni. Ir, Rh, Os, Au. Ag, N 
e, Ar, Xe. K r ©&A*©t^TtT7J* 1 HKA-li©7C^ 

[0022] »axhr>Ajuya!»Bi«a*?-tc«fcn 
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«. »2S5S«ttlOKi*l 2nmHTfcl/ftOT. 
7a7JH©X e>A*;uy^«Bi^*^(CExchange B 
\asJj3£.£®B\zmm-T2> Z. £&T~&2>. I2S 
3£i8f:feJl©§IJi£ 1 2nraHTil/fcOT, XtTWW 
^§y»fl»^»^^fr©J?$*»<T-5-t^T#, fi£ 

S52S^f&ttIf £XMn-&&££:teP t X' Mn 
•&£-C«|j£Lfc©-C, *(0«f*«12nmHTT»oT 
t>JB2HS«tt»©«fl:*iei*HJt-r*fc»©3Sjfti|g^ 
/0 mRtfl&TTZ ^tM<. »2BJ£«tt:Ji©«ft;:#l*l 

[0 0 2 3] 8aiBm2S^ffi8ttii©l»lP«, 8n 

m£A±l 2 nmW?$5^i:W*lK ^£Xtf> 

£8 nniKit-r-SClttciO, fl 2 Ba5£G8#-JI©fi^b 

751^ * a ,5tr a n * tc * # < r s c t a» 

[0 024] jetc, *^hj©x tr>A*;p^M»^a^^ 
^te, 5tfwfB«©7.t;>A*;u^s»K^*^-e*t) 
t. mihbi. » 2 Hje«tt«tt-€-n-en, 2 ^±©3$ 
Flit, cn6®ji8tte> H»om»c#As 

[0025] wic, mess i . »2 Hfcattiitf-e-n-? 
-rn^-^oaatt: tf > f »©Kfltj^^o»«tt tf > 

SO Fd©JilPckOJ¥<^fiE$tl, &3£fiBtt£>FJl©fi&'ffc 

[o o 2 6 ] %zz¥>/vvzrmm&mMmi : -iz&n 

atttKH (synthetic ferri pinned; ->>-fex-^ v 9 ~7 

/i©m<t;*r6]4?sa!c@^L-. cnb©fa^mti^*^ 
^ [0027] jejcsfc. *5ewoxhr>/t;p^a!*i«« 

itUfat. »2H^«tt»*«l^-rS3i«ttlf>KHO 

©^{k*i^ t^m-i sntv^ c t ^itm t? *. 
[0028] ffi-sxtr^A^^iywsi^^tciti 
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[0029] *3tw<D-z.\f.>rt)vj%mwm%m 

fc*3S3$a#.JllCcfct3^j££n, i!3I^iitg 

XMn-g-^SfctiP t X' Mn&# (fcfcL. Xte 
Pt, Pd, I r, Rh, Ru, O s ffi/i^©Hf n/i 1 
1 a©7c3tT?& D. X' liPd,,Cr,.Ru < Ni, I 
r, Rh, Os. Au, Ag, Ne, Ar, Xe, Kr 

[0 0 3 0] «4Xt?>/X^^ffl«H««ill*^»cJ:n 
[0 0 3 1 ] StC. *36W©XK>A;|/^S!1tR«a* 

x, ^ 'j —mte.mv>±wizth&-t) t mi *>nz> 1 1 *>\zm 
ease© b v v zitt$mmz®M.\s-cmL7 u -««• 
[0032] &%7,\±>n)\,zrwmmm.%M=f\z.£.t\ 

m\Z&M&.mtftiiWZtlZ> ©T, i: 7 U 

«t < -«fl=Ji©«M::£lSJ**£K:ll»*.* v t 

■tfsimizfsiz. 

[0 0 3 3] fLT, *5SW©*BI««'\v Ktt. ft© 

[0034] %^mmmm.^-y Ki:±n«. ±ib©^t 

©T, S4SS«***<, h 7 v oT«S(; 
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[0 0 3 5] iJclC. *ffi^©^lf>/l;i/^a!»«««3R 
^©i^TJffili, *«±C. SB 1 S&ffiStffeJi, flfiH£- 

mum&mmm. 7'j-itti, i2». 

i t I C , Jd8Ba«iBi:«IIHffifl!lB©M-C»-3TK^fiS 
®© h 7 v i7*S73l^MffliJlc:-^©^]ji^S^enT^: 

X hffltlSt. WESfclCttLTA*© i©7J|nJ^S 
X'>^>y<a^*H3l3iWHKlcfig#L-T, WE'J 7h* 
7l/yX h©«ljAg&cfc9fc h5->-i7*S7j[o]^{W(C{!ig-r 
-5*2E3£«St3:Jf, *2H3£«ttJiX«*2#«ttiSm 

' 2 #m&mnmiz ± 07'j -^i4s±icw 

St, Buf2S«ic^L-T^«e 2 (fcfc'b6» 2 >ei) © 

73(*]^e.xA--y^ST-$itatT, mvjy 

it/M7^«l*t*/W TXlMlit. WE* 
UT, WE-*t©K^ttA^TXJI±T-&oTWE*KI 

[0 0 3 6] ff-SXKWt/U^MWIRffiSHjRTOSji* 
ffitCetntf. (tzfzV9 2>d l) ©73(61^5.7. 

A -y ^ £ it W L, T R A -f 7 X Jl £ «Jf T 5 © 

t. s»«ttA-f 7x«©«ffj&««)i^mat«ia-r«» 

5:t))%<. EM«tt/H 7X«K»|6j-r*<ftBT# 
td7«J-fi8'l4Ji©lK'fb75l6j*^Hf-H5£$tl«)fc»C© 

[0 0 3 7] #KffiE«H*#J5£Igl::*str»T. WE* 
2S5taf±e*XMn-&^:Sfe«P t X' Mn^ (fc 
4» Act-. XlSPt, Pd, Ir, Rh. Ru. Os.Cft* 
©Vi-fn^ lS©7t^-C I S.O, X' ISPd. Cr. R 
u, Ni, I r, Rh, Os, A u , A g , N e , A 
r, Xe. K r ©&#>©^T*l7^ 1 ffi£A±©7C5ST-& 

5) ©^rna><fc9SSfiE-r5£<fcfcic. If5i2nm 
[00 38] %%z.¥>n)i-?mmmmia.m i ?<Dmmj3 

'm IZ «fc n « . WE* 2 K ISXMn^SfcllP 
t X' Mn^TiMSOT. ^-©SiJl* 1 2 nm« 

so <. SB2@j£«tt*o«{b*i6]3&«5iiia»cH5tsn^tr 
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1t, «2SiS«14B©BtJi* 1 2 nm^TCMT^ffl 
2 gtettiKtff 2 ^ttftiff « IB * IE* IZ X y 5=- > y 

[0 0 3 9] Sfc, itftfBffilf Jll^fiSXgfCfe^X. iWIE 

©§Sjg77j£tCJ:ntf. JB2K»SBtt)iffllfiJP*<8 nmJK 
± 1 2 nmKm^CT, A'^f TXfiB#£3fe 

[0 0 4 0] Mic *^^©xtr>A*;uygu5»®[?aasS 
/w 7 x ji &«&]«-r -a z t &<&m t -r %> . 

[0 0 4 1 ] «SXe>A;K7ffl«H«»*^©«ifi# 
atcJ;nti. ffimtt-Mf8.Xl2T'(D^v3 L >?lz&-oTm 

m,Ltzy<)-m®im±.iz&ffi.ftim$:ffimv. Kggssss 

-f7Xl#SMSttli Z ttfi>im\Zf3i2>. 
[0 0 4 2 ] 5glC$/t, *5E?i(Z)Xe>AJl/7ilII ' 

%.m?<Dmmj5mte. 9c\zmm.<DX¥>^)i-7mmmm. 
^.m^<omm^mx'$>-ox, wt&mm&Mi&x.mz&\,* 
t, ^2gmi, « 2 iisittiK^ 2 #m&m 
mm\zmz.ry u -mi4g©-BB*x-y 5 L >^-r«> c t 

JBjSIgfcfc^T. MBA*© 
[0 0 4 3] e >/t;u^a!»iB«a*T©«i6* 

d t left 0 . &OH£JR*> 6 7 U -««■■ fcgSlie^/t-f 

7z.mft&mm& < #at7u -m&momfcjjfa&m 

[0 0 4 4] fLt. *mwe>xv>/vi>y%imwim% 
.mTvmmumte, <fe\zmiSL<z>7>\f>Jvv7'wmmmm , 
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X. X^5=->y©|SRtCmig3ffi«^e>np^m$nfcXA 
[0 0 4 5] «**t;>/t;v;/g»iR«»*^©»^:* 

8jfc«fcnK, «H#:$:Jge£T^^©X-y5 1 >y©^ 

j fa^^«f-r*c:i(c e fcDff ?©x, x>y^>i7'©!ffs 

[0 0 4 6] 

«:#!SLTIttBJ-r^ 0 fife. gjl ~0 8t£*H>X, 0^ 

mmzmMtefrz<DMnMR.<Dj;[ti}-c$><o. 0^x175 

-5. 

[0 0 4 7] mitC. *58WOH!t»*T*4Xi;>^ 
^7'SIHSaff 1 S««BE»«#ffl*»e*fc0fffi« 

3 K C ©X tf ^/^P^ililSgif 1 bT45 
SKffl&t'S'.y F 3 0 0 $IA.f;??±SIlA7 K3 5 0 
£tSU @ 4 ICttgil^ A 7 H 3 0 0 OIBE0»Tli 

[0 0 4 8] H3lc^-r*fgsj(c:#-5r?±5S:^'\-7 F 
3 5 0H, X7-f^3 5 1t, X7-fy3 5 1©»SI3 

5 1 dtc«»Ae.nfc*9sw»c««»«ta«^y h*3 0 0 

*i*tl/TijS4ftTV>4. ^-3 5 5BX7-f^3 

5 1 ©m^fe^l«#:©^lij73[p]©±^t#JT'*-5 U -7^ 
>^ffl£^U ff*| 3 5 6 \t FU~U >^*ffl€-^Kt" . ' 
®X5'f ^3 5 1 ©J&#*f|6jffi3 5 2 (Cfi, 1/-J1/3 5 
la. 3 5 1a. 351 b#*»J«Sft, ;H^±M 
H I7-^-73 5 1 c, 3 5 1 ctStlT^?.. 

[0049] *fc0 4ic^-r<t5ic. *%wizmz>mm 

IMA7h'3 0 0ll X7-f^3 5 1CiB3 5 1d± 

K»j£$ftfciei»jB3 6 2 K»j*$nx*j0, $&ftji3 

6 2±KfltJI£n/tTBBv-;UF«3 6 3 Tffl->- 
^K13 6 3l;iiS nfcT«*6M« 3 6 4 t . T«*6 
S13 6 4±l:MSnTlM|Sll3 5 2±(C^!Ji-r 

-5*^(c«-57.t:>A';u^i!afPmmii^ i t, xir 

>A;U:7S!»it«&*^ 1 £S3±«*M*»3 6 6t, 
XSBSfeltJf 3 6 6'*«5±ffl5->— JUH»3 6 7 
^StlTUS. *&±8Bv— JUFJ13 6 7fi, f£MiT& 
-f>^f-f7*'\7 KhOTI!a7Itlfflt$nTM 
-5. 

[0 0 5 0] -f y*?77-4 Zf^sy Fhli. T8CnT)i 
(XfiPv-;i/FS) 3 6 7 t. TSI!3 7l3 6 7iC«I 
Snfc^t77 P 13 7 4i. 3^JP3 7 6i, n-r;P3 

7 6$ffi5±8E*6iS:)13 7 7 t. y 3 7 4 (C«E 
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-&£fu ^orK;i/3 7 6M\zxy^ym 3 6 7\zm 

6Sn5±(lli3 7i3 7 8 i*6*«Snt^5. n-r 
7 6te, ¥H«HcK^tt £ & S cfc 5 ic/i * - ><b $ 

a Til 3 7 8 0SSgf3 7 8 b^TBB33TH 3 6 7 tc® 
»W£»ttSttT^*. ±SBUTB3 7 8tdtt, 

So 

[0 0 5 1 ] 01 &tfH 2 IC^T <t 5 IC, #1691 <BX b° 

j^iiiigifii, 7U-«tti/#«tt»*i/ 

-Bttl/#BttMl/16Bttl© 3 lOfiW 

i »t» * v > tf >/vi •jmmmm.m^ tht&L 
t, ^fmmmtmtm&xi*. mmmmm^mx 

[0 0 5 2] 01&^EI2{C^"rj:-5fC, *»91<&Xfc: 20 

>/vi^mmmm^m^ 1 a, Tg^ns 3 6 4 ts 

«) Tafti;*6ftST«I3, ^lMttl 

4, RlBC8ttl5, Cu^i:>f>S§ll#IM 

$ii8, s&2H5£«h*»9. f 2«ittiiosr/ 

S3iBttA>f7Xi3 2, 3 2 t, £ ©JR3ftKttA-f 7 
X132, 3 2±l:M$nt«{tiiS5 (ir>XS«t) 

1 2 tC#x.£C r , Ta, Au, Rh, W, C 30 
u»rt>Sfc*— **<BU--F»3 3, 3 3 t&±fttlT 

[0 0 5 3] ii^l 2KJ3HTHU TiteJI3, SIS 
S$i&ttJl4, «l@£ttti:fi5. Sl#att«tt)i6S 
«7U-Bttl7*«li*«isn, Il:c®7'J-Btt 
17o-«±i:, S2«ttili8, ^2Mf±l 

9MS2SMtn o mm^mm^nxmmmm^ 
MVKDmm^itiffli 2 a^M^nn^o ^i^xmm 

SSfcHBBl 2 a©H*Xl*[Rlffi«^tt, -»OS3ft«tt 
/H7X13 2, 3 2^7U-iftl7t:iLTM$ ^ 
ntt^c HJcR3fi«ttA-f 7^»3 2, 3 2±{:-» 
©U-HI3 3, 3 3 ^«iSnt^S. 

[0 0 5 4] 7U -KttJi 7 tt v Co, C o F e 
i0ft4»ljtll[BJtl7at, NiFe&MDW 
aBttgSl7bi, Co, CoFe^MJ:D^S 

2ffimKih® 7 c ttmmznxmfiLtstix^&o. m 

1, »2i6«B6ih«7 a, 7 c i2 
#Btt«li6, 8 £coffi£ffim£KltirSo JB1, SB 
2*6*B6ih)17 a, 7c©WJP«0. 2-lnm<£>|g|g 
Wib<> 5SffittSffiii7 b(DJKJ?ai-3nmCD® ^ 
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H#»*LV>. 7U-Bttl7lt CoFeft 

CoFeN 1 ^4»0*i*«t LtfeftVi. 

fit, y y - Win 7 ©a&WMcttdb* 7 d «f»rt 
Sntt^, «*g|ffi8Bl 2 a«COdbffl7 d±lciBK 
Snt^So tLT, £<£>dlgB7 d^ll^Xl^Mffi 
IC«, S3IBtt;H7X|3 2, 3 2 ^«St§Mtt 
JI3 2b, 3 2b«$tlTl^o 7U-BttH7© 
«fl2#fi]tt* ^Btt/H7Xl3 2, 3 2^M^ 
/H7Xl#CcJ:^T@^xl^^[:i^bn^ 0 do 
J: 5 tc 7 U -MftM 7 tf*J|i«Kf t ;£ n* £ £ K cfc 0 , X 

[0 0 5 5] R5IBttA-f 7XH3 2, 3 2H Bll: 
^£51::, 7U-«tt»7±rctt»Snfc3ft«ttS3 
2 b, 3 2b£, Z.<D&M&m3 2 b, 3 2b_LtC*SB 
Stlft*3S»Bttl3 2a. 3 2ai*6»«Snt 
t^o Mtti3 2b, 3 2bH 7U-Btti7<0fl 
g&7 dOEI^X1^^3M#JiCgSe$nTX l J-Btt)i 7 
±fc««3ftT^* 0 *&R!Mtt/W 7X13 2, 3 
2 Hl^^Tct^H, *n^n©.±iS3 2c, 3 2 

[0 0 5 6] i3ISBttI32a, 3 2aH, PtM 
n^tM^tlTt^^i^SLK PtMn^ 
a, K^^^lttliibTf ffl^ntt^N i Mn 

7'D7 + >^m<, 3JM^/H7XWt)^t 
I*. ^3MM3 2a, 3 2 ate, XMnft 

££fcteP t X' Mit&# (fcjftfU XteP t , P d, 

1 r, Rh, Ru, O s ©ift^O^I* tl* 1 i(07cST 

X' tePd, Cr, Ru, Ni, Ir, Rh, O 
s, Au, Ag, Ne, Ar, Xe, KrCO^O^f 

UZ>b<DX$>-DXh£^o 

[0 0 5 7 ] t Mn^43«t^Hfl8SXMn05aT 

*Sn5&4tfe^T, P t &3>V>ttXj&*3 7 — 6 3JgC 

4- 5 7fC^%£>|gH-C&£>o PtX' M 

n(D5£T^£n3^JC43^T, X' + P t ifi 3 7 — 6 

a, 4 4-5 7Sl i %©|gHT*5c «3S§i8ttl3 

2 a, 3 2a(£>jg|J¥te, 8 — 3 0 n m<B*EH £T£ £ t 

[0 0 5 8] S3«Iitl32a, 3 2atUT±B3 
LfcajE*aj«(BH^>'&*S:«fflb, z.n*mm<pmm 
a-r-BeitT, 3 2 b, 32bt0MlCT^ 

#ttX«IS^A-f 7X«*«r5fi*-r 3 3 
2a, 3 2a4S5CiA«T*5. WCPtMn^T 
fcfttf, 6. 4X10 4 A/m^^W^/H7 
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yig^6 5 3K (3 8 Ot:) tI»T*^»3fi3iI 

[0 0 5 9] §SfflHt»3 2 b, 3 2blt 0iJ*_tfN i F 
e^NiFeX^ (X = Nb, Ta, Cr, Rh 
m) , Co, CoFeMf?!)^4l)fe(OT$)oT, Wk 

2 a, 3 2 at©raT3J«IS^MTXfl8#*a!SSi3: 
§c tit, ^CD3HfiI3 2b, 3 2b^7U-Itt 

«ttJB7Kl«sflJU 7U-«ttfll7©fiBt{k*|pl3&«BI^X 

[0 0 6 0] dbgB7 d<0|g^xi;&faffifiiJlc:3S« 

ttI32b, 3 2 b*<E«2n*G>T, MttM3'2 
b, 3 2 b t7U-«ttI7 t©Ml:*2#Btt*M 
8^«m;t*4<> 3£^ttJI3 2b, 3 2b^e 

T*£5. 5$ffi«iJf3 2b v 3 2bl:S3raifi 

132a, 3 2 a**X?££«£££&<a»UTtt»;& ^ 

[0 0 6 1] $t 7U-Btti7^^*», JESSffitfe/^ 
^7X13 2, 3 2^««$nTl^««tC*5ViTtt v 

HffWTioT, Mtt/H7Xl3 2, 3 2^ 

toKi«tt/t i f7xi3 2, 3 2*«aisnt^ 
ns»w^«^««**-r*«*ttto, z<om 40 

[0062] '&r>T*mw<bx\±>rt)\,-?mmwkm%m 
fim ^mh^ypmt. ^#M&h^^*gTw 

£*i-»-r*©-C\ Mtt/H7Xl3 2, 3 2<B|BJ 

[0 0 6 3] ^(C, » 1 , n 2 4 , 10H 

SB1, »2H£BttI5, 9<D^fb^f^]^:H^-r^t>0 



^12002-123915 
16 

*2S3fi»ttJi4, 10H 
XMn^, PtX' Mn^ (fzfz US(HE*J5RiCfc43 
l^X, XtePt, Pd, I r, Rh, Ru, OsW 

a>5a»isn* i«e*u x' itPd, cr, ru,- 

Ni, Ir, Rh, Os, Au, A g, N e , Ar, X 
e, Kr(^WbM$tl^li^f:«2iHi?:^ 

[0 0 6 4] WSSP t Mn^*5ct(CXWEXMn©iC"t? 
^tl^^tC^X, Pt»5liHX^3 7-6 3Jg 

4— 5 7SCT%<D3eB*Tf&£o 2bl££/i, PtX' M 
nCD^T^n^&tC&^T, X'.+Pt*37-6 

«L 4 4-5 7JgC^%0>IBHT**o «1S»B1£JB4 
CDJglPte, 8-2 0nmO«Ittiui:^!ifSl/^. 

[0 0 6 5] SB2KKBttHl 0<O«ffttl 2 n 

mJKTT*SHt^Sf*b<, 8 nm£*± 1 2 nm£TF 

T*sct^j:o»*bvio f§ 2 shafts i ooimm 
b^ii i osxy^^y-rsn t^ct^T«»gettj«i 

2 a^^fiESrSStCfTPd £#X€r* ^(DZi£>7 -ffi 
ttJB 7*g|HS*TEMtt;H T*Jf3 2, 3 2^7 

change Bias^iC^igfflf £ £ <hrt*X#3o iS2 
JEe$f&ttH<£>SIJ¥£ 1 2 nmHTtlfcOtf, Xlf>A 
J^'III^if 1 £#:cDJP£ gi<ni^T 

fi£*ct0 b¥*y7m&m<?2>Z.h&T*^Z>o S 
fc, JB2R»«tt»l 0*8nmK±fr*iltJC«J; 

[6 0 6 6,] fB2R»«tt»4, 10<hLX_ha2 

2JR3S«H4J14, lOSftirt^^ ^C03?^*g-& 
ISCi^Tli; fB2H)e«tt»5, 9(?)M*^1^ 

6. 4X10 4 A/m^^i^W^l, 3? 
«^Sm5^P7*>^M^6 5 3K (3 8 0 
•C) i««6T»^JBl, 3S2£^iffi4J14, 10^1^ 
C^X^&o MtC »2KilBttil0 6XMn^ 
SfcBPtX' Mnfi4Ti«L&W t 1 
2 n m«TX& o Tt>*2 HffiffittJl 9 (DMitJjfaZ H 
^t"*fc»©SS««S'&«#*«fllT"r*Ctd*3a:<, ^2 

[0 0 6 7] #tC, »lB«Btti5H 
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>KB5 aiSl#«tfe«fMJi5 b i!S2 3HKttfcT> K 

KB5a©K»tt. «2»«ttlf>KJi5c©«»«fcO 
^tSftTU*. Sl&i&ttbf>KJf 5 a ros^b^fa 
tt. IBlE»B^B4 4:©£«IS^«JMcJ;oTBjSY 
*|6]tcS^Sn, *fcJB23K«tte>HH5 c-tt. Sl 
ifc«tte> KB 5 a LK&m&mzlg&L-TZr&mitlj 

[0 0 6 8] £©J;5tC. Sl. S2 3SH&tttf> KB 5 
a. 5 c ©J&{fc#fi#S^l£K¥fTt£ftTV>5;fcJ&, 

^tc*-5*t, Sl3$fi8ttfcf>KB5 atf*S2tiifi£tttf> 
K15c<fc0fef <MSnT^5«T, Sl!£«8t!fee 
>HI5aOBft («a^-pt>» 
cn»cJ:0»l Hje«tt*5±flc©«fl;^iai*«H*Y* 

[0 0 6 9] S 2 9 tS. SS 3 IMBfli K > K B 

9 a ^2#ltt>fri§9 bt«4iittt> KI9 c 
<fc#*BaftT*tofca*lTV»*. ?B45fi«Httr>KB9 
cCDKJPtt, S3 3£«ttk°>h*B9 a©lg|JPcfc9*,>:£ 

nrn*. jfS4 3S«ttt>HJi9 c©*ft:*ia)tt. f 2 

S&ttttJi 1 0 £©3fctt*i£«^l;:J:oTB*Y;&ian;: 

fcf > KB 9 c tS»«ttWlCte^L/T-t©«ft*|6]*«H 
^Y^?lfiI©K*t^|6]tCH^$nTH-5. 

[0 0 7 0] C©«t5{CjSlH3t«ttB5 0*^iH« 
fC, S3. S4Mihi>h-i9a, 9 c ©^n^-'ft© 

4M«tttr>H«9 c*13Mftf>FI9 a J: Off 
<Cffi56£;*ttT^-5©T. ^4Mttt>HI9 c ©BHb 

U S2iS«ttI9 
±#©«ft:*l6i**H*Y*iSii;H«sn*. 
[0 0 7 1 ] iotil, S2@5&8t£B5. 9(4. S 
l~i4»lttb>HI5av 5c. 9a. 9c*W 

15 a, 9 cO«fb**-C-n-Pn»#bT*SO. 

(synthet icferri pinned; ->>-£tV v 
i'7iUh'>H) S^fBiifc*. 7'J-SttS 
7©«{b2riS]imi . ffi2BHSttl5. 9©fi8ft^|6] 

[0 0 7 2] l211&^112(C^-rJ;-5[C. SI El 

Ji-7©ifi<tcfiBT*SB2!SjBtttr>H»5 c <0«fl;* 
$2 ItBtti 9 *'*sSt*»«tti;> Fl©5 
%7U -E&ttB 7 ©ifi < iCftg-T £S 3 e > KB 

9 a©m{b^|6]i*^-T*-5©T, 7 l J-ffitti7t 

si, s 2 BJtfifrffiB 5 . 9 twiwc-tn-^nsBS^-s 

[0 0 7 3] M. Sl~S43tfiStttr>KB5 a. 5 
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c. 9 a. 9 c 13. NiFe^. Co, CoNiFe 
CoFe^, CoNl^Ml:J:DM$n5 

HCSl~S4 3£fiB14fcf>KB5 a. 5 c\ 9 a, 9 c 
WI-e>ttm?&l&2tl2>Zttfi&$.^. s 
1. l2#SWMS5b, 9bU, Ru. Rh. I 
r. Cr, Re. Cu03^©llStlicn6ffl^ 
*^&4iiAW$l/<. #(CRuicJ;O^BK$n^r 
t**jff* L-Vi. SI. S4Mfth">FI5a < 9c© 
7(7 RJPttl~3nm«>Il«»»*L<, S2. 

tf>KB5c, 9a©I)lttl. 5~3nm©^H^*$f 
S^c. SI. S2#«8tt+WB5 b. 9 b©H 
JfttO. 6~0. 9 nm©$gH7Wf*L^. 

[0 0 7 4] ft is. S 1 , S 2 HJgSSttB 5 . 9 fcttft 
^n2-^©5S«8ttlf>KB (Sl~S4 5S®H4tf>KB 
5 a, 5 c. 9 a. 9 c) (Ci 0 fiffi££nT^-S>^. ' 

nicRsti-r. 2ut±o»«tttr>KBfcj:t)«j«an 
t<^t*>&v>. ^©^-&(ctt. rne©!S«stttr>KB 
©rat^atttf paB^ti-ensAan-s 1 1 tic p 
srr -a isatt if > K/i^±©-c-n'?-*ti©m<b*i^^s j F 

[0 0 7 5] il©«fcptC. SI. S2I^Ittl5, 9 
A*^*3i0SAXW*7x'J«H4!KSi (synthetic ferri 
pinned; -»tr^ 7?7i'J tf>F) SStIT»5 
©T. SI, S2B5tai4B5. 9©«S{b^[S]*!i@tC 
S^LTSl. S2H^SSttJ15. 9^^^«uc 

[0 0 7 6] AC. SI. S2«ttlfl6. 8tt, 
Jtf 7U-«ttB7t«l. «2H3e«HtB5,- 9t©«« 

Cu. Cr. Au. Agfti*l:ftS3n?i 

<. ^CCuio'MSn^LcWSLU. Si. s 
2 #fi8f±3££®B 6 , 8 ©IH/P tt, Jg-n-^n 1 . 8 ~ 3 n 

[0 0 7 7 ] Sfc, U-KB3 3, 3 3tt. Ta, W, 
Au, Rh, Cu. Crf©IHIWe>ftO, 8tB3£ 
taSBl 2 a©HSXl#lR]W«fcttBLTK&««/W 
^ 7X13 2, 3 21l;8t@$nTH5. c©U-H13 
3. 3 3(1 ffiBtt 1 2 tC&m*« (-fe>X«SS) £tt 

[0 0 7 8] Ate. *»Moxt;wc;u^s*gi«a* 
m\$, «BR&7EMft-r««BIKft?j&XS£. U7h*7 
5 1 >^bT«Jl»^0fiE-r'S«)i#:^figxei:. AW 7 

[0079] sr, ffi^§i^fiexgT«. B5i:*tj; 

50 5C, TBBM3 6 4 (SS) ±tcT«6B3, SIS 
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3ft«teJl4, fBlH«ttlf>HJi5 a, Sl«WI 
15b, «2»*tttr>H«5 c, !B 1 #fHtttii««JI 
6, iUffit*KlhJl7 a, MftgS17 b, i!2i£ffc 
Ml7c, I2#IM118, »3»«ttt:>H» 
9 a, »2#«tt*ffl»9 t>, * 4 SMBtt K > F ■ 9 
c, ^2gMttIl ORZS&mmi l^i*»iLT 

[0 0 8 0] fc*, Sg 2 SSfiffittH 1 0 ttK/PSr 1 2 n 
■mHTtnut*«ff*LK «2K»ffi1£j|aBtV«: 
12nmKTtnutl:±D, 10 

[0 0 8 1 ] £fc, aS2K3$»«=B 1 0 ^XMn^M 
^diP t X' Mn^ (fzfzL. XBPt, Pd, I 
r, Rh, R u , . O s (DtefrO^-ftlfr 1 l07C$tfe 
0, X' tePd, Cr. Ru, Ni, I r, Rh, O 
s, Au, Ag, Ne, Ar, Xe, K r <Dfefr<D 

i#ff*Ui. »2S3iattilOSXMn^Sfctt 
- PtX' Mn^T«t^)t, ^<2BilJ¥£ 1 2 nmi^ 
TIC ITfe^M^HTXlWfiTt^ Z 

[0 0 8 2 ] R2S»Sttllbti!)|*« t 8n 

mK± 1 2 n mHTi: ^ t ^± 0 jff $ b^o % 2 R 

&m&m i oobup^s nmam^t, x«i*s^/n* 
-jiSf&m&ft-DX. mi. m2s^«'ttJi4, iotcx «?0 

M6S#^^I^f1iTll, S2MM5, 9<D 

[0 0 8 3 ] ^tCU>?^ hfl^XgTte, HSlC^-Tcfc 
?lC, Mil 2 b±K'J 7h*7^MS»i$t 
5o 'J7ht7l/^hLH ili 1 2 blCigT^ii 

JWIbTttO, 3Ek:a*B5 l iW#iiB5 2, 5 2©B 
TSoTSSlS 10^Xl*|p]MlHH — *t<D«J 
&g|$5 3, 5 3 **KttSnT&5 t><&T&£. 

[0 0 8 4] *l:M#»«lSTH 0 6 IC^Tcfc 3 ^ 
fc, TMiI3 6 4 <*«) CMlTM^i^ 
**6>f *>t;^A&£<BXy^>^»^£MIB 1 2 b 

5 3, 5.3<tOH*Xl*|Pl^«JCffi«'r«|IJiKl-2 

3, 5 3 J;01I^Xl^rf^^ffliJJC>(5:e'r^^2^^mtt 
■ 10, i2i^itt!9, ^2#itt@118^7 

£tB»l 2 a *7 >J-«tti 7 ±l:»*l/TM# 1 2 
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-SSttJf 7 oa«*5fe»C«^ai« 1 2 a lC&T<£>tt£B 

-6JB2#«tt#«Ji8«3S^»Cl»*-4-*C4:««T**. 
[0 0 8 5] ffi, X-/^>^ISlC«JilRl 2 b**SPP 

«Aa»2#ltt»1186Cu, S§2t£ 
WL&5±m7 c£Co. ^fiS1±@ft)l7 b^NiFe^ 
T*nftl«l«Ufc«^tt, x^5 1 >^€:fT5CttCj: 
0, i 2 «ft^f 1 8 ^Mt^) C u 

17 bS:«j£T£N i &tfF eOX/N 0 ^37S^^Pfl^m 
2*-ft>IlX^^h;W«Tffiiaot 
Gu©*l:N i RtfF e«««kmanT^63fffi©«p|Biia 

a«»cx!y^>i/*^±-rn«, 7U-itti7o-» 

t-5o ^ntCcfcO, X>>^>^COSSS:iE*JCffifJIHIbT 
Xy?>ycO»flESriffi«e)*ilt**T€r, 7'J-ittI7 

fc7U-ittl7f:g3iIffi/H7X13 2, 3 2 £« 

[0 0 8 6 ] Xy?>i/«C-T-©H8»J4, A r tc£ 

^lk ^ne>o^i*tt, x^^>^s^(Dfi3ttttc^ 
nt^io, x-/^>^5KT^^^*[S]^^ra*fT# 

H5 0-8 0 0 CDI6HT*££ L^o ^ffi^i 

3 6 4 t^)fttft«*a8t5 ^ 1 1: i 0 ai£t § c t 

[0 0 8 7 ] ^CDcfcotC, M0l*^X7f>^ef 

tflMfTacfclckD, liii 2 blc*fLT&:#ttx 
y7>{f&ff ^C<i:^t, U7ht7 1/yXhL(7)M 
«B5 2, 5 2 J;0*«fc*S«JiIRl 2 b£X>y^> 

^LTai^M i 2 a sjurrstiJitt 1 2 ^^^-r 

[0 0 8 8 ] ^^WTXH»fiEXStC*5ViT«, 0 7 
tC^Tct^tC, TStB«I3 6 4 (It) C^LTM 

0, 5S®ttii3 2 bt»3S»«ttH3 2 aSMIT 
Mtt/H7Xl3 2, 3 2«« e S»«ttA 
-T7XJi3 2, 3 2(1 U7ht7I/^M©Bfflffi 
5 2, 5 2ctDfe0^Xl^^]^ffltC^^$n^>o S. 
fc, X/1^^S^CDi*«(OBR(C«, U7ht71/yXh 
LtSSUTt)X^y^e^(DJ(tSf*«je*. >J7ht7l/ 
yXhLiC, »«tt*3 2 b&«»3jEa«tt»3 2 
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atmcm^ms 2 , 32 a' «« D 

[0 0 8 9] JEMKttA-f 7X13 2, 3 211 U7h 

ftmizM&zn&o ip*> 02-9O 0 K3£« 

itAW7Xi^±i3 2c, 3 2cte, U7ht7I/y 
X b Ltf)M«S5 2 , 5 2 <D3f g« 5 2 a , 5 2 a (0 
* 1 .«fc 0 HjkX l^P^ffltcteMT £ - t left 

t-^T, U7h^7l/yXhLC0MiI5 2, 52 
©MHI*«*Sfcv SMttAW7Xl3 2, 3 2©ft 
I^IIKHISI 2 a(D*W:y7 h*TSo C(DJ:3 /0 
\Z, U7ht7l/yXhL©p|fflI5 2, 5 2<BHPH£ 
IHSrrairilCcfcD, SKBtt/H7Xi3 2, 3 2 CD 

/H7X13 2, 3 2<B0^x1;£|p]<0Pb1M«:, Xtf> 

Z>(D~X:\ U7ht7l/yXhL©M«B5 2, 5 2 <DRf] 

[0 0 9 0] ifc, «i#»«Ii»Xy3 : >yi:<to 
TgfflLit 7 U -Btti 7 ±l:3SBttI 3 2 b£ffiH 
U KS* *5 u t ft < i« I Tll:» 3 SiBttI 3 *0 
2a^im^, Sittl3 2bt^3ISittl 
3 2 a<OJHBW«ftTS»3n4:t*4<, *fc» 
3JElftBttll3 2 a*«»TT»ftSlBtti3 2 bXtC 
^jSSn^ililC&D. «3£&ttttfl3 2 atiitt 
I3 2bi:^I^ §I^»^tl)I^ = +y>^ 

[0 0 9 1 ] X/^7^t^*fSft -f^>h:-AX/\ 0 

ipl^efiaWT^So Ma 2 ^6 0-9 0° (Dig 

T3£<t. SP^TS«6il3 6 4*ffilc*fLTftflE0 2 

[0 0 9 2] i!(O<J;3K:X/1u/*&^£ftffi0 2^;£fi ^ 
*6*«-r*CtlCJ:0, Mtti3 2bStf^3ra 
^tt«3 2 a*, WflJBS 2, 5 2 £ 0 ^thX l^fa^ 

Bttl3 2 b»tf»3K»Bttl3 2 a 04BUW8UI 
^gffigp 1 2 afc«iS"rs^onT»<7S:^^i:*^V>. 
fi£oT, fSJI^tBtftl 2 afc»iE-r*totlT*«tS-& 
;H7Xi^fiTf«) C < , K3H«tt/t-f 77 

J13 2, 3 2fc»«r*ffi«T*lC7U--«ttJi7 0« 
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-f 7X1 3 2 , 3 2©IB«k:|IEK-»a**^fc3WT« 

[0 0 9 3] U — KBJ^JiEXSTtt, 0 8liit 

J;3fc, TMil3 6 4 (SIR) \<D 

U-H13 3, 3 3£*S«T<5o U-HI33, 3 3 
H\ U7 ht7UyX hL(D«J&g&5 3, 5 3±'t)fe0 

^xi*rfii^fliJ'r*oTS3fi«tt/WTXJi3 2, 32 
±icaji£n£ 0 x/w*&^<ojf«<z)^j;:te, 

jg#> U7ht71/yXhL±H, U — H13 3 tWit 

mf&<nm 3 3 * f)mjR-?z>o 

[0 0 9 4] X;V;Jft? <^>t-AXA 

-y^i£, d>Wd-x^«^S, n U ^-xa >x/\° 
ffitC^Ofi 1 ? iin6<0*ffitt, X/Vy 

iHfflS»^X^lc^^^x>y5 1 >yfe^ 

3 6 4 chcoftT^s^^s-r^^iitc^os^r^ci 

[0 0 9 5] Z.(D&v\Z\ &m0 1/1^X^7^(5?$: 
itffl-r^)C<htc:J:0, U7h^7l/yXMMM5 
3, 53STU-HI3 3, 3 3^«mut^t? 
€N U-H13 3, 3 3tii»12at©gil. 
«**€T<T£ ■fe>X«SESr«B» 1 2 iZ 

[0 0 9 6 ] Sti:, U7H*7l/^XhL$:iSl, 

ffla*^fToTSSlttA^7Xl3 2, 3 2 
&AW7XBS^M^t, 7U-«ttH7 0«lb*|6) 
£0^Xl^fttcffiu^£-<hJcJ;O. HI ic^fiitt 

[0 0 9 7] 

■e<D±tCJ¥$ 1 0 nmCDP tMn?5^&§i 1 K5£«*fe 
BSrJgfifcU £bJcJ¥;*l. 5nmOCoFe^6- 

nm^Ru^eWil^Wrai^l^ ^<7)X 
ICJ52-2. 5nmOCoFe^^/j:^25IBtth 0 
>H«ft#fi!iU MtC-e^X^iP^ 2. 2nm©Cu* 
Sft**l#«ttW«Jit»J«U» 2. 5 

nm©C o F e ^5ft57 U -BttlSML, JE 
fd^CDXJCiPS 2. 2nm©Cu^f,Wl2«fti 
UtMU *:<D±\zm22. 5nmO*3 5Sfl8ttfc; 
> HJiftWfifcU MtC^^X^ff^ 0. 8nm<Z>Ru#> 
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U 2<E>\Z : t<D±\Z, U5~28nraOPtMn^ 
2 S»«HtJi*»fi£U. *Cil:Ta*>5ft 

-*f©M«tttr>Hss«#iattfiiB«fcJ:o.r. mm 

[0 0 9 8] £©J;5t£^j££nfc«Jf#A©flijg£B8 
G-r«&. (S iIS/Al203l/T«I(Ta)3nm 

ymiR^m^m(?iw 1 onm/*initte>Hi 

(CoFe)l. 5nm/^l#ltttfHi(Ru)0. 8nm/ 
*2»«tttr>h*H(CoFe) 2. 5nm/Sl«ttSi 
H(Cu)2. 2 nm/7'J-Itti (CoFe) 2. 5nra/S 
2#«tt«*H(Cu) 2. 2 nm/»3ai«tttr > h*» (C 
oFe)2. 5 nm/m2#m&*r<Hm (Ru) 0. 8nm/S 
4»«tthT>K«(CoFe) 1. 5 n m/KS 2 £3£ffirttlf (P 
tMn) 5~2 8 nm/{$SJl (Ta) ) 
[0 0 9 9] *IC, ±®lCTJP5^-«t D&STg&Sfii&Ji 
*i|Stt&nfeS i «fc0^-5Sffi±t. H$3nmfflTa 

NiFe^*6&57'J-SttI*ML, $et:f 
$ 1 nm©CoFe^^e>fc3S£Sllfi±JIS:je5j£U 
SE(C- ; e-©±tCff3 2. 5 nm©C ufrb&-5#i£t!fe#tt 
m&Mf&L. H$ 2 nm©Co F e&^f>fj:5I^S 
ttJI£fl£fi£U $£tC^©±k:. SS9~28nmfflP 
t Mn&&friE>ts.Z>B.&m&m&Ml$,l>. ^r<D±\ZT a 

[0 10 0] 'CDd:5lC^^$nfc«)i#:B<D^jt^BS 
CTSt. (S i *tS/A 1 2 0 3 )i/T±teJi (Ta) 3 nm 
/7 U -«tt0 (NiFe) 4 n m/ltttBfrjfcJl (CoFe) 1 n m 40 

/#m&mnm m 2. 5 n m/Bse«ttii (CoFe) 2 . 

5 n m/E3MB14Jl (PtMn) 9 ~ 2 8 n m/SSi (Ta) ) 

[0 10 1] ±aa©»Hit:AStXBCt?UiT. ^tl^tl 
ommm&m (CoFe/Ru/CoFe«S«jfi$fcttCoFe¥l3ilt 
iS) £BJSn£n.53i:**g^«J|. (Hex) 4Sfim£lc 

"To I9CH ,Si^/H7Xl# (Hex) £S3Sm 

ji © as J¥ <t © m % £ ^ b T U Z> . 

[0 1 0 2] H9tC5R-r±5t. «(i^A©^^-tt. R ft? 
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I? (Hex) *«8 0kA/m«±t&l5. MlCDJUsAU 2 
nrngfifcftSt, (Hex) AU 2 0 k A 

/migClfSCtA**^. tot, /x3MH£JI© 
lM8nmttJ:.l 2 n mJ^TOSSHlrT 3 ~ i: Ic «to 
T, S©&SH6^«# (Hex) *>S6h5i 

[0 10 3] -73, «J!ft:B E&J814J1©!! 
J?7!>*2 8 nra(D,S&-efe 6 0 k A/mggfflxl^M 
If (Hex) H^«ttJB©«ft;SHJt-r* 
©K:5fe#fc2fiftl8^«Jf- (Hex) ^fl5nTl^l>ri 

[0 10 4] «S^ASUCB©«-&(C^^T> ±fB©J: 

MfflU S(Cjx5$Bt£JI©lil/P£8 nmU±l 2 nmU 
Tt?Z> Z. t\ZX D. 5fe#fc*SS©X»IS-&«# (H 
ex) #»sn*C!£a*to**4. 

[0105] (&mm2) mBlM 1 Tffll/>fc*fiJI#:A© 
•5%. S3fifi8f*S©B!©*i7. 5~ 1 9 nm©fe©tC^> 
l^T. t&S^2 7 3 K~ 5 7 3 K©i£HICbfe£^©X 
M^/H7^SS (Hex) $SM@10 
tC^T. HlOlctt, «HS^7Xi» (Hex) t 
i&£<t©M?&£j*l'T^-5. 

[0 1 0 6 ] 0 1 OfrZWZfrfc&olZ* K&Mtemi? 
tMn)©gi^^8. 4~1 9nm0fcOlt iSft©±#£ 
£fctC3^«l*S^AWTX^# (Hex) *^*tC<STLT 
t^A*. ^nt'fc, 5 7 3 KlC*3tiT3 6 k~4 8 k A 
/m8J3^Jtt!Wi*V>£*li£A*'f (Hex) 4 

SITUS. — Refill (PtMn) ©IK/PA* 7. 5n 
m©t>©«> 2faMg-&A'-f 7"X«# (Hex) «U93K 
(C43V5T3 0 k A/miStftO. )KJPj5*8. 4nmH 
±©feOlcJt^TSS«IIS^«* (Hex) MUttt 

[0 10 7]W±O-i^e. PtMn^6/i5I 
3fi«t*S©^JP«r, 8~12nmffl«Iir5ui:lCJ: 

[0108] 

xt>A-ji'7'iiiigifit ffls^©WH^ai^© 
h77? "fa* iRim a ic , w§S7 u -««■ h ± tc« ji s n 

S&ftlzj: pl 2>\,*t> -5 Exchange Bias^iC*fl?ffl 
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tcffiUS-ife-r^OT. ^3fe©Abulted&-&§«HardBias7j 
5£© <fc 5 h 7 v 5"tl^7t#W i'lScfc OK 

[0 10 9] *fc*56MOXfc!>n < »U^S!»BI«a* J F' 
tt. ^2R^ai4H* 5 XMn^Sfc«P t X' Mn§ 

(^Exchange £<£j5*T#-5. 

tX' Mn^TlStfcfflt, 1 2nmJW 

[0110] jElc. *56WOX'tf>A;i/^a!»Bt«ft* 
^KiJUTtt. SBl. »2H3£KttJi**-tn-?n, 2 61 

±oa«tte>HBt. cn&©!S«tti;>K«i©isit 
# a a na + m ■ 1 3i**» a nrtt * 1 1 1> ic . 

StlT^#3J«7xU«tt*JiltanT3a:D. II - 12 
@^JKttH*^itet$-S-5AXWJS:7x'Jfi8'tt^ (synt 
hetic ferri pinned; ->>-fe^-'C v9 7i U tf> F) * 
3j*TJre**©Tr, Mil. ?g 2 K?iU8tt/i £©£$!&-£■ 
&S#£J;9Ai§-< LTfg 1 , fg2 @£ffi&14Jl©j8{t:7jfa 

estate @5£u znzoMfeM&mz&ig.-zv&ct 
[oiii] *fc*fEK©»i««a^*v Hfc«tn«, ± 

[0112] iktc. *%w<f>7.\z >n)VJmmwm.n.m 



(14) #H 2002-123915 

26 

5t£ ft -5 fttb C OfilTlISfiaiA^It 5*t*s 
[0 113] <NHC- iu!f2!ll2H3£&14JI£ 1 2.nmJ&! > T 

<DWkmzw!&-T%z.t\zj:<o, mmfcBf&xmz&tfz 

JO l7?>y©fta#«»3nTIyf>yo**i5«B< 
&0. $2K%«ttJI£:*2S£8ttJI&ig2?ftB1&B 

[oi 14] -tut. *5twv>*\i>rt)V7mmwm% 

7 U -<8ttJf fcK&fiBtt A*-f 7X15 W.W: \Z 
20 «IT5:i* s Tt5. 

[0®©f9mftiftsii] 

[HI] IT*4X t>A'^7 r I» 

a. 

[12 2] *§£wommmm-?$>z>*yz>n)vjmm 

-5. 

[@3] *%w©*ss^T*-5^±^a^-> H 

.70 [04] *ffiW©SHt»18-C'***Bt«»^2/ F© 

[0 5] *mne>mMMm-v$>z>x¥>/'S)i>7mB 

-So 

[0 6] **fl©*«»if*4X K>/tA^a* 
a 5 Si 93 f -5 » © X 8 0 T * -5 . 

[07] *¥&w<z>mffij&m-c&zx¥>w7wim 

[0 8] *5gHJ©mg^MTfe^7.k">/t;l/-7*^» 
M®m^^©^!it73ffiS:*:T0T*oT> U — h*»»fiE 
X8*KWiT*fc«>©X8HT?**. 

[0 9] S^attJl©K/f t3S«l«S^m#t©^« 

[010] S«i£»te£«#i©6B«**-fi'5 ' 
7TS5. 

[011] a*fflxe>/w^s»Ria*fii 
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i x¥>/vizrmmmmm.m? 

4 m i BL&m&m 

5 ma^mttji 

5 a ^i5tmi±e>h*a.(!tmttt;>Fg) 

5 b miimvk^mm (}m&<t>mm) 

5c m2^ei4lf>H)i (^ettt>HS) 

6 Il#lMfi . • . 

7 7U-«Sf±S, 
7d flgf 

8 12 ^J&ttiUSH 

9 HS2@5tmttJI 

9 a fj§3*l8H4t°> FJf (3£f&ttfcf > Flf ) 



28 



9 b fg 2 * HQ's *mm) 

9 c f!4&«gtttf> FJI (3£ffi8ttlf>F)l) 

10 %i2Rmm±m 
i 2 

1 2 a «B3£ffiSB 
3 2 SMtt/H7Xl 
32 a m3S!S®f±Jl 
3 2b 3£i£t$JI 
3 3 iJ-FI 
10 3 0 0 sggH&Ss,^ F 
3 5 0 ??±5SS£m^>yF 
3 6 4 TtfBJ&^Jl 



1] 




IM2] 



[H3] 




351a 



300. h 




351c 
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[0 7] 



S 




[H8] 
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1 0] 





PtMn = 19nm 




PtMn = 14nm 




PtMn=10.3nm 




PtMn=9.3nm 




PtMn=8.4nm 




PtWn=7.5nm 
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373 423 473 523 573 
(lOOt:) (ISOt:) (20013) (250*0) (30013) 
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